Introduction
Tetracyclines are broad-spectrum antimicrobial agents with activity against a wide range of Gram-positive, Gramnegative anaerobic and aerobic bacteria and cell-wall-free mycoplasmas. 1, 2 Tetracyclines have been used extensively for treating bacterial respiratory, urogenital and periodontal diseases. 1, [3] [4] [5] [6] However, in the last ten years the therapeutic utility of tetracyclines has been reduced substantially as bacterial resistance has become more widespread. 1, [3] [4] [5] [6] Currently, 18 different tetracycline (tet) resistance genes have been identified in various bacteria. 6 Five of the tet genes (tetM, tetO, tetB(P), tetQ and tetS) encode proteins that protect the bacterial ribosomes from tetracycline both in vivo and in vitro. These proteins are 72.5 kDa in size, are found in the cytoplasm and have similarities in their N-terminal amino acid sequences to elongation factors Tu and G. 7, 8 They confer resistance to tetracycline, doxycycline and minocycline. 5, 6 Recently, the TetM protein has been shown to relieve tetracycline inhibition of factor-dependent tRNA binding. 9 TetM reduces the affinity of the ribosomes for tetracycline when GTP is present by increasing the rate of tetracycline dissociation. 9 Whether the TetQ protein has a similar effect is not yet known.
The tetM and tetQ genes are often associated with conjugative transposons. 6 The TetQ transposon integrates at relatively few specific sites, while the TetM transposon may integrate in either a few specific sites, or more randomly, depending on the host. 10 The TetM transposon can integrate into plasmids and into conjugative transposons to create composite elements. 6 These conjugative transposons can mediate the transfer of mobilizable plasmids. unlinked chromosomal DNA. 6, 10, 11 Their sizes range from 18 kb to 150 kb. TetQ elements often carry both tetQ and ermF, which encodes an rRNA methylase, and belong to a family of elements with the prototype being Tc r Em r DOT.
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The tetM gene is found in 16 different Gram-positive and eight different Gram-negative genera. 6 In contrast, the tetQ gene has been found in Bacteroides spp., related Prevotella spp. and rarely in other anaerobic Gram-negative rods. [12] [13] [14] [15] However, unlike investigations of the tetM gene, large studies to look at the distribution of the tetQ gene, from various body sites or ecosystems, have not been done previously.
The primary purpose of this study was to examine the distribution of the tetQ gene in bacteria representing aerobic, anaerobic, cell-wall-free, Gram-positive and Gram-negative species. Our second goal was to determine whether tetQ could be transferred between biochemically distinct bacterial species and genera. We also evaluated the potential use of the tetQ PCR assay for direct testing of patient biopsy material for the presence of bacteria.
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Materials and methods
Bacteria
The 34 ATCC strains (American Type Culture Collection, Rockville, MD) were chosen because they represented bacteria primarily associated with the oral or urogenital tracts (Table I) . Their susceptibilities to tetracycline are not listed by the ATCC and in most cases were unknown. We tested 160 clinical bacterial isolates collected from previous and current studies of the urogenital and oral tracts over the last ten years. [16] [17] [18] [19] [20] [21] In most cases we knew whether these were tetracycline resistant and whether they carried other tet genes (Tables II and III) . In this study, we also included tetracycline-resistant (Tc r ) isolates of Streptococcus agalactiae, Streptococcus dysgalactiae and Streptococcus uberis isolated from cows with mastitis. 22 Six of these isolates, five S. dysgalactiae and one S. uberis, did not hybridize with other known tet genes and were assumed likely to carry unidentified novel tet genes. Therefore it was of interest to determine whether they carried the tetQ gene.
Media
Whole-cell DNA was available for many of the bacteria from previous studies from this laboratory. [16] [17] [18] [19] [20] [21] [22] [23] [24] However, when needed the anaerobes were grown on Brucella-based blood agar (BA) (Difco, Detroit, MI, USA) supplemented with 5% sheep blood, 5 mg/L haem and 0.05 mg/L vitamin K at 37°C in anaerobic jars (85% N 2 , 15% CO 2 ). This medium was also used for matings between anaerobic donors and the Enterococcus faecalis recipient. Isolates of Bacteroides forsythus strains were grown on supplemented BA plates that had been streaked with Staphylococcus aureus. E. faecalis and aerobes were grown as previously described. 17, 20, 22 PCR primers DNA sequence information for the tetQ gene was obtained from GenBank (accession no. X58717). The sequences of tetQ and other known tet genes were aligned and sequences showing promise as unique primers were used to search GenBank with the University of Wisconsin Genetics Computing Group (GCG) program using the command FASTA. The PCR primers used were MR6 (5 -TTAT-ACTTCTTCGGCATCGGT-3 , starting at base pair 1301) and MR7 (5 -CTGTGGGTAACGGTAAGG-3 ; the complement of the sequence ending at base pair 1957). Primers were synthesized by Life Technologies (Grand Island, NY, USA).
PCR assay
PCR assays each contained 2 U of Taq DNA polymerase (Perkin-Elmer Cetus, Norwalk, CT, USA), 200 mM dNTP, 1 PCR buffer I (50 mM KCl, 10 mM Tris-HCl, pH 8.3, 1.5 mM MgCl 2 , 0.001% w/v gelatin) and 100 ng of each oligonucleotide in a 100 L reaction volume. The template used was either 10 ng of cloned tetQ in plasmid pNFD13.2, 40-80 ng of whole-cell DNA, or 1-2 L of proteinase Ktreated bacteria. Reaction mixtures were incubated at 94°C for 3 min, then 35 cycles consisting of denaturation at 96°C for 20 s, annealing at 52°C for 30 s and elongation at 72°C for 2 min. In the last cycle the elongation time was increased to 5 min. Positive and negative controls were used with each run. The amplification products were concentrated by drying and redissolved in 0.1 vol. of sterile water. The entire sample was analysed on a 1.5% (w/v) agarose gel. The DNA was visualized by ethidium bromide staining and ultraviolet back-illumination. Southern blots were prepared as previously described. 16, 24 The primers generated a 658 bp fragment that hybridized with the tetQ probe.
Plasmids
The positive PCR control was plasmid pNDF13.2, which carries the cloned tetQ gene. 25 Other recombinant plasmids used included pRT11 carrying tetB, pJI3 carrying tetM, pUOA4 carrying tetO and pJIR39 carrying tetP. 16 
Labelled probes
Plasmid pNFD13.2 was labelled using a Genius plasmid labelling kit (Boehringer Mannheim Biochemica, Indianapolis, IN, USA) according to the manufacturer's instructions. The labelling mixture contained 1 g of boiled pNFD13.2 DNA. The oligonucleotide probe MR6 was labelled using a Genius oligonucleotide labelling kit (Boehringer Mannheim Biochemica) according to the manufacturer's instructions.
DNA-DNA hybridization
Southern blots were prepared on Magnagraph nylon (Micron Separations Inc., Westboro, MA, USA). Southern blots were hybridized according to the manufacturer's instructions for the Genius kit (Boehringer Mannheim Biochemica). Detection was with Lumiphos at a rate of 500 L/100 cm 2 filter. Blots were incubated overnight at room temperature, exposed to X-ray film and then developed. When, later in the study, Lumiphos was no longer available, detection instead used the CDP-Star reagent (Boehringer Mannheim Biochemica) at a 1:1000 dilution for detecting hybridized probes following manufacturer's instructions.
Mating experiments
The 22 Donor and recipient bacteria were grown separately; E. faecalis was grown overnight at 36.5°C in air and anaerobes were grown for 2-4 days in anaerobic jars. Both were grown on agar plates at 36.5°C. Each isolate was suspended in 0.5 mL of Brain Heart Infusion broth (Difco) to a density of approximately 10 8 cells per mL. Equal volumes of the donor and recipient were mixed and plated directly on to supplemented BA. Following incubation at 36.5°C for 48 h in anaerobic jars the bacteria were plated to detect Tc r E. faecalis transconjugants as previously described. 22, 26 It was verified that these transconjugants were E. faecalis by their ability to grow on media containing rifampicin (10 mg/L) and fusidic acid (10 mg/L) and by using a whole chromosomal DNA probe as previously described. 22 The presence of the tetQ gene in putative transconjugants was confirmed using the labelled MR6 oligonucleotide as a probe and/or by PCR.
PCR of biopsy material
We tested 198 proteinase K-treated biopsies of prostate tissue, periprostatic and bladder material from 84 patients attending a special Prostatitis Clinic at the University of Washington Medical Center. 23 For each patient two or three different tissue samples were usually available for testing. Some samples had previously been tested for the tetM/O/S genes by PCR and had then been stored at -20°C for over 3 years. 23 Proteinase K treatment was performed as previously described using 1 L of proteinase K-treated material as template for the PCR. All gels were Southern blotted and hybridized to confirm the presence of the tetQ gene. Anaerobic bacteria from four patients were grown anaerobically, treated with proteinase K then used as a template for PCR assay.
Results
Evaluation of primers
The specificity of the PCR assay was evaluated using purified plasmid DNA carrying the tetQ, tetB, tetM, tetO or tetP genes as templates. The tetQ PCR product of the correct size (658 bp) hybridized with the labelled pNFD13.2 plas- mid (data not shown). No DNA product was visible or detectable by hybridization when the template plasmid carried the tetB, tetM, tetO or tetP gene (data not shown). The detection limit of the assay was evaluated using cloned plasmid DNA from pNFD13.2 and whole-cell DNA from clinical P. bivia isolate Clt 10.1 which had previously been shown to carry a chromosomal tetQ gene (authors' unpublished observation). The concentrations of wholecell and plasmid DNA were between 10 and 10 -10 ng total DNA. We detected tetQ in plasmid DNA directly by PCR analysis at 0.1 pg and in the whole-cell DNA of isolate Clt 10.1 at 1 pg total DNA. When Southern blots were hybridized with the labelled tetQ probe, detection was normally 10-fold more sensitive (data not shown).
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Detection of the tetQ gene in ATCC isolates
We tested whole-cell DNA from Prevotella disiens ATCC 29426 known to carry the tetQ gene (authors' unpublished observations). The DNA template gave a PCR product of the correct size and hybridized with the labelled probe (Table I) . We then tested 33 additional ATCC Gram-negative strains all isolated in the 1970s and 1980s (Table I) . Ten of these strains carried the tetQ gene (Table I ) and included five Bacteroides spp., four additional Prevotella spp. and a single isolate of Mitsuokella multiacidus. This subset included strains isolated as early as 1974 (Table I) .
Distribution of the tetQ gene in clinical isolates
In order to determine the bacterial distribution of the tetQ gene, we examined 95 Gram-negative clinical isolates (Table II) . These included both aerobic and anaerobic species and oral/respiratory and urogenital tract isolates. Twenty-eight (29%) of the 95 isolates were positive for the tetQ gene (Table II) . The distribution varied from species to species: all of the Tc r B. fragilis and other Bacteroides spp. tested carried tetQ, while B. forsythus and Bacteroides ureolyticus did not carry this gene. Most of the isolates found to carry the tetQ gene are strict anaerobes and were originally placed in the genus Bacteroides. 27 Selected isolates were analysed by Southern blots using uncut chromosomal DNA. The tetQ probe hybridized to the chromosomal DNA of all isolates tested (data not shown).
The Gram-negative isolates Actinobacillus actinomycetemcomitans, Fusobacterium nucleatum, Haemophilus aphrophilus, Neisseria perflava/sicca, Veillonella parvula and Treponema denticola, which have previously been shown to carry other tetracycline resistance genes, were found not to carry the tetQ gene (Table II) . None of the Gram-negative isolates in the study carried more than a single type of tet gene. We examined 73 Gram-positive clinical isolates for the presence of the tetQ gene. Eight (11%) of those tested were found to carry the tetQ gene (Table III) . These positive results were confirmed by Southern blot hybridization of uncut chromosomal DNA. Seven of the Gram-positive isolates were Mobiluncus spp. The tetQ gene has not previously been described in Gram-positive species. However, this work was summarized in a recent review. 6 The isolates screened included some that had previously been shown to carry tetO while others were Tc r but did not carry a tetM, tetO, tetK or tetL gene (Table III) . 18, 19 Unlike the Gram-negative isolates, one M. curtisii and one Mobiluncus mulieris carried both the tetQ and tetO genes ( Table III) . The tetQ probe hybridized to chromosomal DNA from the Mobiluncus spp. (data not shown). The remaining tetQ-positive isolate was a Peptostreptococcus sp. and in this case the tetQ probe hybridized with DNA migrating below the chromosome band at a position where a plasmid band had been seen in the agarose gel, suggesting a plasmid location for tetQ.
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tetQ gene transfer
The tetQ gene has been shown to transfer between different Bacteroides spp. and related Prevotella spp., 28 but it was not known if it could transfer into species unrelated to Bacteroides and Prevotella. It was also not known whether tetQ was generally mobile or if it could transfer from a variety of different species. Accordingly, we tested randomly collected tetQ-positive isolates, including both Gram-positive and Gram-negative species, to determine whether they could act as tetQ donors. E. faecalis JH2-2, which has been used extensively for mating experiments, was chosen as the recipient. 20, 22, 29 We isolated E. faecalis transconjugants at frequencies of 7.5 10 -8 (Table IV) ; they grew at 10-fold higher tetracycline concentrations than the tetracyclinesusceptible recipient. Acquisition of tetQ was confirmed by Southern blot and PCR assay. Clinical isolates of Bacteroides distasonis, B. ovatus, Bacteroides vulgatus, P. bivia, P. gingivalis, P. intermedia, Peptostreptococcus sp. and M.
curtisii were tested for their ability to act as donors. Transconjugants were obtained with B. distasonis, two B. ovatus isolates, and one isolate each of B. vulgatus and P. bivia at frequencies of 10 -7 -10 -9 per recipient (Table IV) . No transconjugants were recovered when P. gingivalis, P. intermedia, Peptostreptococcus sp. or M. curtisii isolates were used as donors.
Detection of the tetQ gene in biopsy material
Previously we have demonstrated that a tetM/O/S PCR assay held promise as a method for detection of unculturable bacteria in biopsy material from the prostate, periprostate and bladder of patients with chronic prostatitis refractory to multiple courses of antibiotic therapy. 23 We found that 25% of the patients had PCR-positive biopsy material with the tetM/O/S assay. 23 We wanted to determine whether the tetQ PCR assay could also be used to detect unculturable bacteria in the same biopsy material and whether it would identify additional or the same patients as harboured unculturable bacteria detected by the tetM/O/S PCR assay. To evaluate the tetQ PCR assay we screened 198 biopsies from 84 patients. A representative set of patient samples is illustrated in the Figure. We commonly found multiple bands resulting from PCR (panel a) but when these were analysed, only a single band hybridized with the labelled probe (panel b). Biopsy material from 34 (40%) of the patients gave a PCR product that hybridized with the tetQ probe. Only three (10%) of these 34 patients had previously been shown to carry unculturable bacteria using the tetM/O/S PCR assay. 23 To examine further the utility of the assay as an indicator for the presence of bacteria, we tested cultured anaerobic bacteria from four of the tetQ-positive biopsy samples. The bacteria had been cultured from the urinary tract rather than from the biopsy material and so, unfortunately, were not perfectly matched. However, an isolate of B. vulgatus and an isolate of B. fragilis both carrying the tetQ gene and a Peptococcus niger isolate not carrying the tetQ gene were obtained from one patient. A Prevotella sp. that did not carry the tetQ gene was isolated from a second patient. From the remaining two patients only Gram-positive anaerobic cocci which did not carry the tetQ gene were isolated.
Discussion
The tetQ and tetM genes both encode proteins that protect the ribosome from the action of tetracycline and are often associated with conjugative transposons. Combining the results from the ATCC and clinical isolates we found the tetQ gene in 18 species including seven different Bacteroides spp., six Prevotella spp., P. gingivalis, All matings were done at last twice; the frequencies shown are mean values.
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M. multiacidus, two Mobiluncus spp. and Peptostreptococcus spp. (Tables II and III) . We also identified a nonspeciated Bacteroides that carried the tetQ gene. The oldest ATCC isolates that carried tetQ dated from 1974 (Table I) . This study is also the first to identify an isolate of P. gingivalis that carries the tetQ gene. However, all three P. gingivalis isolates were obtained from patients in 1996. Whether this suggests that transfer of tetQ to P. gingivalis is a relatively recent event or whether such strains have only recently appeared in the Seattle area is not clear and will require further study. In contrast, the tetQ gene has been established in five species of Bacteroides, in M. multiacidus and in two species of Prevotella since the 1970s (Table I) . In this limited survey, six of the ten Gram-negative isolates examined transferred tetQ genes to E. faecalis. Neither of the two P. intermedia isolates in the study transferred tetQ. However, previous studies have shown mobile tetQ in P. intermedia and in P. denticola when a Bacteroides sp. was used as the recipient. 12, 28 Whether those isolates, which did not transfer tetQ to E. faecalis, could have transferred it to either a Bacteroides or Prevotella recipient was not examined.
The most unexpected finding was that eight (11%) of the 73 Gram-positive bacteria examined also carried tetQ. This is the first detailed description of the tetQ gene in Grampositive species. The eight isolates were from two genera comprising seven Mobiluncus spp. and one Peptostreptococcus sp. The findings were confirmed by hybridization of a labelled tetQ probe to a Southern blot of uncut whole-cell DNA. Five of the 12 M. curtisii isolates examined carried the tetO gene, two carried the tetQ gene, one carried both tetO and tetQ genes and four did not hybridize with any of the tet genes tested. Similarly, of eight M. mulieris isolates, two carried tetO, two carried tetQ, one carried both determinants and three did not hybridize with any of the tet genes tested. As some of the Tc r Mobiluncus spp. carried neither tetO nor tetQ, it is possible that other novel tetracycline resistance determinants are present in this genus. We attempted, without success, to transfer tetQ from a Mobiluncus isolate and a Peptostreptococcus isolate to E. faecalis. We had previously examined the mobility of a chromosomal tetO gene in Mobiluncus spp. and also failed to demonstrate transfer. 4, 19 However, tetO appears to be associated not with conjugative transposons but, rather, with conjugative plasmids. 19 In contrast, we have demonstrated transfer of tetM from Peptostreptococcus spp. to F. nucleatum. 30 To assess tetQ transfer potential fully, more Gram-positive isolates will need to be tested. In contrast, the tetM genes are often as mobile in Gram-positive species as in Gram-negative species. 5, 6 Unlike the tetM gene, the tetQ gene was more commonly found in anaerobic Gram-negative species and appears to have a more restricted host range than tetM. 5, 6 However, we are currently examining other anaerobic Gram-negative and Gram-positive species to see whether the tetQ gene host range is wider than demonstrated by this study. Olsvik et al. 15 describe Mitsuokella dentalis and Capnocytophaga ochcea isolates carrying the tetQ gene. Neither species was screened in this study. Also, Lacroix & Walker 13 described some Gram-negative isolates of species not examined in this study that also carry the tetQ gene. These findings, suggest that the tetQ gene may indeed have a wider host range than we have demonstrated and may be the most common tetracycline resistance determinant found among anaerobic Gram-negative species.
In the second part of the study we examined a large number of clinical specimens from men with prostatitis. We found that biopsy material from 40% of the patients gave PCR products that hybridized with the tetQ probe. Only 10% of these individuals were previously identified as carriers of non-culturable bacteria as a result of positive tests with the tetM/O/S assay. This implies that the presence of bacteria carrying tetQ may be common in the urogenital tract of males with prostatitis and that tetQ may be a useful marker for the presence of bacteria in these tissues. We are currently comparing the tetQ PCR results with other parameters, such as the presence of white cells in the specimens from these patients. The two PCR assays (tetM/O/S and tetQ) together identified 55% of the prostatitis patients as having bacteria in these sites and we hope to determine whether the presence of the tetQ and/or the tetM/O/S genes could be used to indicate the presence of primarily unculturable bacteria in these patients. However, further study in this group of patients is needed.
